A combination of horizontal Doppler imaging, underwater micro-photography and in situ acoustical measurements are used to examine wave propagation, wave breaking, bubble cloud formation and dispersion in the surf zone near Scripps Pier. Wave breaking is interpreted in terms of the evolution in wave properties between the end of the pier and a sensor tripod mounted in the surf zone. The position of the breaking zone is tracked from sharp discontinuities in the horizontal imaging sonar. Bubble size distribution is measured both photographically and with an acoustical resonator. From time to time the imaging Doppler sonar shows bubble clouds moving offshore from the surf. The observations provide a framework for model analysis of bubble generation, advection and dispersion in the surf zone.
Abstract: A combination of horizontal Doppler imaging, underwater micro-photography and in situ acoustical measurements are used to examine wave propagation, wave breaking, bubble cloud formation and dispersion in the surf zone near Scripps Pier. Wave breaking is interpreted in terms of the evolution in wave properties between the end of the pier and a sensor tripod mounted in the surf zone. The position of the breaking zone is tracked from sharp discontinuities in the horizontal imaging sonar. Bubble size distribution is measured both photographically and with an acoustical resonator. From time to time the imaging Doppler sonar shows bubble clouds moving offshore from the surf. The observations provide a framework for model analysis of bubble generation, advection and dispersion in the surf zone.
E~E=NTAL APPROACH
The experimental approach was to acquire an overview of the surf zone using Doppler imaging sonars from the end of Scripps Pier, while at the same time acquiring detailed bubble measurements in the immediate vicinity of a frame deployed by the Naval Research Laboratory (NRL) and detailed measurement in the surf zone. In addition to measurements at these three locations we also acquired 1WkHz propagation measurements from the end of the pier to the NRL frame and from the end of the pier to the surf frame, thus adding two additional and much longer propagation paths to those being measured on the NRL frame. The Doppler imaging overview provides in effect a movie' showing the advection of bubble clouds from the surf zone by the rip current. On occasion these bubble clouds reach the M Delta frame. The detailed measuremen~within the surf zone provide us with some background data on the source of the bubbles that may ultimately be advected out towards the Delta frame. In this way our observations provide a fairly comprehensive background data set that helps us to understand the applied goals of the acoustics project centered around the NRL Delta frame while also deepening our insight on the physical processes occurring in and near the surf zone.
Five fixed narrow sonar beams point horizontally from the end of the pier. These are Doppler sonws so that velocity, resolved along the beam orientations and back scatter intensity, which is dominated by the presence of bubbles, can be measured. In addition to the fixed sonars, a mechanically rotated sonar is used to acquire additional results. The sweeping sonar is used to resolve the longer time scale phenomena, in particular the 2-dimensional evolution of the bubble field. The combination of these two types of measurement provides a particularly detailed picture of the waves, currents and bubble concentrations.
Three acoustical resonators and two travel-time sonars were mounted on the NRL Delta Frame and were spaced along the Delta frame arms, just outside the acoustic paths. In the surf zone an instrumented tripod was installed and supported an array of instruments.
The tripod was deployed at low tide becoming fully immersed at high tide. The instrumentation included an acoustical resonator, a travel-time sonar, a conductivity sensor and a camera system, for bubble measurements.
In addition the frame supported a hydrophore for detection of 1MkHz signals transmitted from the end of the pier and a coherent Doppler for measuring turbulence in the surf zone. Turbulence is obviously an important variable relevant to the problem of wave dissipation and resuspension of bubbles and sediments. A pressure sensor was installed to measure the short term pressure fluctuations caused by the passage of waves past the frame. The waves are highly nonlinear in this location.
OBSERVA~ONS
The horizontal five beam imaging sonar gives the time evolution of the position of the breaking zone as shown in the top panel in Figure 1 . In addition, mean Doppler velocities calculated from each beam indicate the presence of strong offshore currents associated with rips at the same time as bubble clouds seem to be breaking away from the surf zone (see lower panel in Figure 1 ). Bubble size distributions were measured in the surf zone during and shortly after breaking using acoustical and optical techniques (see Figure 2 ) and bubble clouds advected by rip currents were tracked using the sidescan imaging sonars until they arrived at the~Delta frame approximately 50-10Om away from the active surf zone. The observed differences in bubble size distributions and concentrations are investigated using a simple advection-diffusion model. These observations of bubbles and waves represent one of the more comprehensive data sets for analyzing inshore processes including wave modulation and wave breaking, bubble production, bubble size distribution, turbulence, rip currents and the consequent advection of bubble clouds.
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